Abstract: Standby consumption is a global phenomenon because the largest "leakers" are internationally-traded appliances usually line-powered electronic equipment. Currently, it represents 5%-11% (depending on the region and related estimations) of the total electricity demand in European households, mostly concentrated in entertainment and office equipments. This paper is focused on the evaluation of the standby losses in typical urban areas of Greece. The results of an analytical survey in urban households located in different areas of region of Attica-Greece are presented and analyzed. This survey is taking under consideration the type and the quantity of electric/electronic devices used, power consumption measurements concerning different standby modes of operation as well as people's habits in relation to the way they used the devices. Furthermore, recent and old detailed power consumption measurements of the most common modes of operation (on, off and standby), in other member states of Europe are presented and analyzed giving the opportunity to compare the situation in a typical urban Greek area and the respective in other parts of Europe. The presented data reveal the magnitude of the standby losses problem in Greece and the potential benefits gained by the enforcement of recent EU (European Union) policies.
Introduction


In recent years, the increase in energy consumption from appliances not being used for their primary purpose (or in "standby" mode) has become a major concern [1, 2] . Even though this energy consumption could be easily considered negligible for a single device, when the millions of appliances installed around world are considered, and the fact that, this energy is consumed continuously, it can no longer be neglected. Currently, it represents 5%-11% (depending on the region and related estimations) of the total electricity demand in European households (excluding electric space heating and electric hot water preparation), mostly concentrated in entertainment and office equipment [3] [4] [5] [6] , studies from other parts of the world tend to show similar results [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
drawing zero electrical power. If an appliance is connected to the mains, then, it can be ON or OFF as determined by the state of the electrical switch. If an appliance is connected to a power source and the power source switch is off then the appliance is in "OFF" state and draws zero power.
An appliance switched off at its power button and connected to a switched on power source can be in one of two modes: hard-off or soft-off. The placement of the power switch in an appliance determines if a switched off appliance has a hard-off or soft-off mode. If a mechanical power switch is placed between the power source and the internal power supply circuit, the appliance has a hard-off mode and in this mode an appliance does not consume power. However, if a mechanical power switch in an appliance is placed between the internal power supply circuit and the rest of the electronic/electrical circuits that make up the appliance, then the appliance has a soft-off mode. An appliance with a soft-off mode consumes power even when the appliance is switched off, at its power button, because of the current flowing into the appliance power supply from the mains. In this mode of operation, also known as OFF-mode, the appliance cannot be switched "on" by the consumer.
A switched "ON" appliance can be in active or standby mode. In active mode, the appliance is said to be in normal use, performing its primary function, and can be expected to draw up to the maximum power specified by the manufacturer. In standby mode, an appliance can either be in standby passive or standby active mode [18] . An example of standby passive mode is an appliance waiting to be switched on by a remote control or waiting to receive information thus maintaining device memory function, or displaying of time. If an appliance is performing an additional support function that is not its primary function, such as the downloading of software updates in the case of digital satellite decoders, then it is in standby active mode.
Standby mode is defined as the lowest power consuming mode which can not be switched off (influenced) by the user and that may persist for an indefinite time when the appliance is connected to the main electricity supply and used in accordance with manufacturer's instructions [19] . Standby power is the average power in standby mode [19] . In this work, the power that appliances consume while in soft-off, standby passive or standby active mode is considered standby power as also defined by Meier, et al. [20] . Standby power consumption can be a direct result of or a combination of the following [2, 21] :
 poor power supply design;  memory retention function;  internal clocks;  displays (LED's/LCD);  battery charging;  instant on or remote control capability. Summarizing the foregoing the following definitions regarding standby power are commonly used:
 off-mode: When a product or appliance is connected to a power source but does not produce any sound or picture, transmit or receive information or is waiting to be switched "on" by the consumer. If the product has a remote control, it can not wake up from it from off-mode. While the product may be doing some internal functions in off mode (e.g., memory functions, electromagnetic compatibility filters) these are not obvious to the user;  passive standby: When a product or appliance is not performing its main function but is ready to be switched on (in most cases with a remote control) or is performing some secondary function (e.g., has a display or clock);  active standby: It is mostly applicable to DVDs, VCRs and some stereo equipment where operation involves some mechanical drive (DVD and CD players). Active standby is the state at which the appliance is on but not performing its main function. For example, the DVD may be on but is not playing or recording.
Household standby consumption was the subject of many surveys and measurements in the last decade.
The best of them have been used by EU, USA Department of Energy, Japan, Canada and IEA (International Energy Agency), in order to evaluate the standby losses and to determine the potential for reducing them [1-6, 8-16, 22-30] .
The fact that energy labels and a few minimum energy performance standards have been introduced in the EU, in the last 15 years, has increased the sales of more energy efficient appliances. On the other hand, the number of electrical and electronic loads which are connected to the alternative current supply, typically all the time, has also been increased. The IEA estimated that, even with a continuation of all existing appliance policy measures, the appliance electricity consumption will grow by 25%, from 2000 to 2020 ( Fig. 1 ) [22] .
From Fig. 1 , it is evident that, the fastest growing electricity demand is projected to be standby/off-mode power consumption. This is the electricity consumption by appliances which are turned "off" or, are in a low power consumption mode. Although, the EU directive concerning the EcoDesign requirements has been launched in 2008 [17] , there is an important potential saving which would be achieved reducing standby losses. Here it must be stressed out that, the directive 2010/30/EU on energy labels adopted by the EU in 2010 support and enhance the consumers' information on energy consumption. Energy labels help consumers choosing products which save energy and thus money. They also provide incentives for the industry to develop and invest in energy efficient product design. The energy labels in electronic devices and especially in TV's, DVD players etc present also the standby consumption of the device, providing additional information to the consumers on this issue [31] .
Towards increment of energy efficiency, the EU adopted in 2012 the directive 2012/27/EU on energy efficiency. This directive establishes a common framework of measures for the promotion of energy efficiency within the Union in order to ensure the achievement of the Union's 2020 20% headline target on energy efficiency and to pave the way for further energy efficiency improvements beyond that date. All EU-28 countries are thus required to use energy more efficiently at all stages of the energy chain-from the transformation of energy and its distribution to its final consumption. The new directive will help remove barriers and overcome market failures that impede efficiency in the supply and use of energy and provides for the establishment of indicative national energy efficiency targets for 2020 [32] . This paper is focused on the evaluation of standby losses in typical urban households of Greece through an analytical survey, which was implemented successfully in 179 households located in different areas of region of Attica-Greece. Power consumption measurements, as well as the type and the quantity of electric/electronic devices used, are presented and analyzed. Also, the people's habits in relation to the use of devices were investigated, in order to estimate appropriate weighting factors with the help of which the contribution of different types of standby losses in the average standby loss the devices present will be evaluated. Furthermore, recent and old detailed power consumption measurements, of the most common modes of operation (on, off and standby), in other member states of Europe are presented and analyzed giving the opportunity to compare the situation in a typical urban Greek area and the respective in other parts of Europe. The European project SELINA [24] was the main source from which data were drawn. The presented data reveal the magnitude of the standby losses problem in Greece and the potential benefits gained by the enforcement of recent EU policies.
Quantification Methods Used
Generally speaking, various national studies conducted to estimate the standby losses at households, offices and stores, are based on field measurements and others are "bottom-up" estimates. In first case, measurements are conducted in a sample of representative households, offices or stores, in terms of saturation rate (ownership) or penetration rate of specific types of equipment and having average electricity consumption. Appliance saturation rate is a percentage that indicates the number of households in a given geographical area that own a specific appliance. Saturation levels reflect the ownership intensity of a specific appliance within a given geographical area. In case where every household owns a specific appliance saturation levels are said to be 100%. Appliance penetration rates are used to indicate the total number of an appliance found in a specified population of households. Appliance penetration rates may exceed 1 in cases where there is more than one of each appliance per household.
On the other hand, for "bottom-up" estimates, standby losses of a wide range of individual appliances are measured separately in households, offices and stores, the average standby energy consumption is then multiplied by the number of those appliances sold in country. In the absence of actual measurements, calculations are based on standby power measurements of appliances reported in consumer magazines. The types of appliances taken into consideration for evaluating the total standby power losses are mostly the common ones found in almost all countries (audio and video equipment, telephony, kitchen appliances, office equipment, battery operated devices and miscellaneous home appliances).
The methods used in this work for quantifying the standby consumption in typical households located in urban areas of Greece involved both product measurements and bottom-up estimates.
The Measurement System
The measurements performed using a power meter SEM16+ which measures single phase loads up to 230 V/16 A. The SEM16+ is a measuring device to determine the electrical energy consumption costs for individual electrical single phase up to 16 A equipments in households. The SEM16+ starts automatically a 24 h measuring period after the unit to be tested has been plugged in. After completion of the measuring period the energy consumption and the energy costs for the period will be displayed. The period of the measuring can be changed to 1, 7 or 30 days and manually started and stopped. During and after completion of measuring the results of power, costs per year, energy consumption, costs and equivalent CO 2 consumption at the measuring period, voltage, frequency, current, idle power, apparent power, phase shift, power factor, minimum and maximum power can be called. Table 1 shows the main technical characteristics of the power meter used.
Methodology of the Survey
Definitions and Basic Concepts
For the selection of the sample, the collection of information and the tabulation of data, certain concepts were adopted and are being clarified as follows:
 Household is defined as either one person living alone or a group of persons, not necessarily related, living at the same address with common housekeeping. The household members share the expenses of household or benefit from them due to lack of income. As necessary prerequisite to be included the household in the survey, is the existence of, at least, one member aged 16-74;  Urban area: Municipal communities with 10,000 inhabitants or more.
Coverage
The survey covers all the private households in urban areas in region of Attica-Greece, irrespective of their size or socio-economic characteristics. The following were excluded from the survey:
 institutional households of all types (boarding houses, elderly homes, hospitals, prisons, rehabilitation centers, camps, etc.);
 households with more than five lodgers and;  households with foreigners serving in diplomatic missions.
Time Coverage
The period of the conducted survey was: 01/03/2013-30/09/2013.
Data Collection
The method of data collection is the PAPI (paper-assisted personal interview) and actual power measurements. A questionnaire was used to gather the following:
 demographic data & user awareness;  appliance penetration rate;  appliance use time;  appliance operational behavior: two types of questions were used in the questionnaire;
 open format;  closed format.
Appliance Penetration Rate Included in Survey
The appliances included in the survey to determine penetration rates fall in three major categories:
IT equipment (computer-desktop, computer-laptop, computer monitor (liquid crystal display), computer-speakers, scanners, printers-inkjet, printers-laserjet, multifunction devices, fax, cordless phone, modem-routers and digital photo-frames), audio-visual equipment & entertainment equipment (TV-thin-film-transistor/liquid crystal display, TV-cathode ray tube, DVD/VCR, set top boxes, home theatre systems, game consoles and stereo-integrated), cooking & housework equipment (dish washers and dryers, washing machines, kitchen appliance and microwave/oven) and other (air-conditioner). The list of appliances is very similar to appliances listed in other surveys and measurements campaigns so that meaningful comparisons could be made on the data obtained.
Consumer Appliance Operational Behavior
One of the factors that determine the energy use in a specific household is the behavior of the residents. The questions in the survey were grouped in two major groups, appliances with and without remote controllers. Most remote controlled appliances do not have hard off switches provided on the appliances. In soft-off state, an appliance consumes very low levels of power and in a hard-off state appliance power consumption is zero.
Appliance Use Times
Appliance use time is the amount of time an appliance is in full operational mode.
Use time is another variable required to be established in order to be able to evaluate the total energy losses due to standby power losses. Standby energy losses depend on how long an appliance spends in the standby mode. The average daily hours of usage is the main determinant factor of appliance standby power consumption, especially because the actual measured power levels are not very high for most appliances. In the survey, the respondents were requested to estimate the average use time (%) of the different appliances in the household on a weekday time.
Sample Fraction
The method used is a sampling survey and 179 
Research Methodology
The research methodology is made up of the following components:
 Appliance survey By using the survey, it was possible to obtain data that was used for the estimation of household penetration levels of standby appliances. The survey was also being used to: estimate appliance use times, gain an insight into user appliance operational behavior, and gather some demographic data.
 Measurement of individual appliance standby power consumption Measurement of individual appliance standby and full mode power consumption were carried out in the 179 successfully surveyed. A suitable power meter (SEM16+) that measured very low power levels, where current waveform distortions were present, was used for reliable results.
 Standby power consumption estimation The results of measurements and appliance penetration survey are used as basic input data for estimating the household standby real power consumption. The estimated urban household standby power consumption is obtained by using an appropriate mathematical model presented below.
Results and Discussion
Demographic Results
As it was mentioned in the previous section, the 179 successfully collected questionnaires are analyzed and the results are presented in Fig. 2 . Fig. 2 shows that the majority of the users (54.8%) which participated in the survey are between 18 and 35 years old. Moreover, a high percentage of the participants have university education (37.9%) while, 35.2% and 27% of them have technical vocational and elementary education, respectively.
The age-related distribution of the appliances, which are the participants possess and the criteria for purchase new appliances are presented in Fig. 3 . Most of the appliances are 6-10 years old and a 31.1% of them are less than five years old. Furthermore, 27.5% of the appliances are B class and 41.6% are A class and above.
Furthermore, as it can be seen from Fig. 3c , the most important criterion is the price (29.3% of the questionnaires) then the functionality of the device (27.2%) and only 19% of the questionnaires purchase appliances based on their electric consumption.
Mathematical Model for Estimation of Standby Power
In every household (in the 179 successfully surveyed), measurements were recorded for all standby capable appliances found plugged in and drawing power in full, passive standby, active standby or in soft-off mode. In appliances where a standby mode was evident, the measurements were taken in the standby mode. Measurements were also done in all other low power appliance operational modes that could be effectively distinguished. Measurements in the full operational/active mode were taken while the appliance was set to user preferable settings.
The measurement results are presented for all pertinent operational modes found on the appliances. For each appliance, detail of the maximum, average, and minimum power consumption in all relevant operational modes are provided.
The parameters of interest in the estimation are:  average appliance standby power consumption for each standby mode (W);
 average usage time percentage (%)-(in absolute values) of an appliance device operation in off-mode or passive standby or active standby compared to its total standby time;
 appliance penetration rates (%). The mathematical equation that has been used to define TASPC (total appliance standby power consumption) of an appliance in a day is: TASPC = Sum(ASPCi · Par) i = 1 (off-mode), 2 (passive standby), 3 (active standby). where, ASPCi: the average real power consumed in standby mode in Watts obtained for each appliance of interest from the measurements (taken into account also the average usage time percentage for each appliance in a day estimated from the survey-standby hours/day (%)); Par: appliance penetration rate (%).
Appliance Standby Power Measurements and Analysis Results
The bottom-up estimates are based on the type and number of devices used in 179 households (survey sample) in urban areas of region of Attica-Greece (including Athens and suburbs in a range of 50 km from Athens center). The average standby power use of household is calculated from a combination of field measurements, like the ones mentioned above and known appliance saturations. Based on the questionnaires used on the survey and measurements results, an estimation of the standby power consumption per urban household is attempted using the mathematical model presented previous (Table 2) . These results are used further to evaluate, through projection, the magnitude of the standby power consumption in residential sector in Greece and by this the contribution in the annual electricity consumption of the country.
As it was mentioned in Section 4.8, standby measurements have been conducted successfully in these 179 urban households and the results can be shown in Table 2 and are visualized in Fig. 4 . As it can be seen from Table 2 and Fig. 4 , laptop and desktop computers present the highest standby consumption while stereos and printers follow. Also, appliances like set-top boxes and LCD TVs have low standby losses. These appliances have been widely used the last two to four years in Greek homes and are basically new technology devices in which manufacturers have implemented low energy consumption modules, conforming to the requirements of latest European standards. Furthermore, the standby losses of an average urban household, taking under consideration weighting factors in order to calculate the contribution of different types of standby losses has been estimated and is about 37.4 W.
During October 2011-September 2012, the EL.STAT conducted for the first time, a survey on energy consumption in households, with which data have been collected on energy consumption by end-use (space heating-cooling, domestic hot water production, lighting, etc.) in the residential sector, as well as on quantities and type of fuels used [34] . According to the results of this survey, average annual electricity consumption per household in urban areas is 4,000 kWh.
This energy consumption corresponds to an average power consumption of about 456.6 W/h, considering 8,760 h per year. Therefore, the average standby consumption of an average Greek urban household corresponds to about 8.2% of the respective total average power consumption. These results seem to be in accordance with the findings of other studies. In particular, the existing studies for estimating the standby consumption are focus on household appliances and mainly in electronic appliances. Up to now, several estimations for the contribution of the standby consumption in residential have been produced, indicating the magnitude of the losses. Studies in Germany, Denmark, the Netherlands and the US have found that, standby power accounts for as much as 10% of national residential electricity use [1-6, 15, 22, 24, 27, 35] . Estimations of standby power consumption in the EU, as it is already mentioned before, showed that it corresponds up to 11% of total residential electricity consumption [1] [2] [3] [4] [5] [6] 24] . Case studies of individual homes have been reported for houses in Sweden, France, UK, Japan, the US, China, Canada, Argentina and New Zealand [4, 7-16, 23, 26-29, 35-38] . Standby * Weighting factor at off-mode or passive standby or active standby is the usage time percentage (in absolute values) of a device operation in off-mode or passive standby or active standby compared to its total standby time. power ranged from 70 W to 125 W, but even though the examined homes were similar to the representative ones in each country, in some cases this important parameter could not be retained. In Japan, the ECCJ (Energy Conservation Centre) estimated that the standby consumption was 308 kWh/year or 7.3% of the power consumption of a whole house [23, 28] . A very detailed study in Australia showed that the household standby power consumption averaged 87 W, and energy consumption averaged 760 kWh/year or 11.6% of the household total energy consumption [11, 14] .
An Evaluation of Standby Losses Effect in Power Demand in Greek Urban Households 468
As it can be seen from the survey measurements presented in Table 2 , the domestic appliances used are presenting low power consumption in standby "off mode" and "passive mode". In some cases (home theatre, digital photo-frames), the consumption is very low, below 1 W, while in others the results are not that low. If these results are compared with the ones presented in Table 3 , the similarities can be easily revealed. Table 3 presents measurements performed in new equipment produced under the most recent EU studies about standby consumption and as it can be seen the results are similar to the ones measured in urban areas of region of Attica-Greece. The similarity can be easily ascribed to the fact that the measured equipment is appeared with a delay of 1-2 years in the Greek market. This delay of entering the appliances into the market is responsible for the improved characteristics they exhibit and consequently, the lower standby consumption. Furthermore, considering the consuming characteristics of the users it can also be seen that, one important parameter is the energy consumption as well as the price of a domestic appliance. Based on these facts, it is obvious that, the equipment which is bought and in use, in the average representative Greek urban household, is usually in accordance with the newer standards. Table 4 presents the number of households in urban areas per Greek region and (taking into account the estimated standby power through this survey) the estimated corresponding power demand required to cover standby losses. The number of houses corresponds only to the areas that are considered as urban, while, a significant number of houses in some suburbs near cities are not included as these areas are not considered as a part of the urban area. Even though the houses are located in regions with different population density and profile, it was considered that, the average power consumption in standby mode, should not present significant differences, due to the fact that value was a weighted average considering the appliances installed on an average representative house. Based on that, Table 4 If the devices in standby mode operating in other types of buildings, or in houses excluded in this study are added, it can be easily concluded that, the required electricity produced by the power stations is even higher. Nevertheless the magnitude of standby losses per household is expected to be slightly reduced. This is based on the fact that the new appliances entered into the market are forced to present significant low standby losses, and due to the gradually change in Greek consumers' behavior towards adopting more energy efficient profile, and choosing devices that presents as low as possible energy and standby losses.
As it can be seen by Table 4 , the standby power consumption in Greece seems to be almost 144 MW. This value can not be neglected if it is compared with the installed capacity of several power stations of Greece, mainly lignite power plants, where the typical unit capacity lies between 200 MW and 350 MW [39] .
It is more than obvious that, a reduction of this power demand could lead to the reduction of the base load of the Greek electricity grid, resulting consequently in a reduction of lignite consumption (basic fuel of the Greek power sector covering almost 45%-50% of the electricity production). If transmission and distribution losses are also considered, the benefits are even higher due to the fact that the Greek electricity network presents losses equal to 7%-8% of the consumption.
It is obvious that, specific policy actions focusing on informing people should be started in order to reduce these magnitudes and power demand of the network at the same time. Also, based on the fact that this will result in reduced electricity consumption bills, it will be an important motivation for electricity end users, especially nowadays where the economic crisis in Greece results in a significant reduction of the household income.
Conclusions
The results of the measurements showed that, the average standby consumption per household in urban areas in Greece as a percentage of the respective average electricity consumption is about 15% higher than the estimated values for other EU and developed countries. Although this is true, the present standby losses in Greek urban households (37.4 W) are among the lowest in EU, mainly due to the fact that the Greek household appliances market presents a "delay" to offer different types of equipment. On the other hand, this fact gave the advantage that the equipment in the Greek market is already conformed to the new more strict rules about energy efficiency. Nevertheless, in Greece, the power demand of appliances in standby mode is high and in country scale exceeds 140 MW.
The results of the survey show that the people in urban areas are starting to consider the energy efficiency as an important parameter, after the price and the functionality which are considered the most important criteria for selection up to now. All these facts as well as the new strict regulations adopted by the EU seem to result to a reduction in the standby consumption in EU and consequently in Greece in the near future.
